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INVESTIGATION OF METHODS OF REDUCING THE TEMPERATURE
VARIATION AMONG CYLINDERS ON\AIR-COOLED
- - - - AIRCRAFT-ENGINES ‘ -
By George F. Kinghorn and Willlam A. Mueller
SUMMARY )
Tests have been made to determine methods for reducing
the temperatures of the hot cylinders on alr- cooled air-
_eraft Pnglnes. A Pratt & Whitney R- 1830 L3, lhrcylinder
engine was used for the tests. _
Reductions of 70° F to 35° F in the cylinder-head
and barrel tenperatures were obtalned by the use of ducts
dlrecting cooling alr upon the rear of the cylinders.
Increasing the cylinder fin area by welding additional
lengths of metal to the existing fins resulted 1nltemper-
ature reductions of about 26° F. Baffle modifications
which 1ncluded enlarging the inlet gaps, extending the
barfles farther to the rear of the c¢ylinder, adding a
diffuser at the baffle oﬁtlet, and providing separate
ducts to the hot parts of the cvlinder, resulted in head-
temperature reductions of as mnch-as 50° F, In addition,

large reductions in the temperaturas of'individdai

cylinders were obtained'bflinjecting additionallfuel

ahead of the cylinder intake ports.
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It appears that the pressure drop -required to¢ cool many
alr-cooled engines may be conslderably reduced by decreasing
the temperatures of the individual hot cylinders through the
use of methods sinilar to those tested.

INTR0DUCTION

The -head and barrsel temperatures of radlal aircraft
englnes vary considerably from cylinder to cylinder. Fre-
quently & few cylinders have temperatures as much as 60° F
above the average and are.referred to as the "hot" cylinders
of the engine. These temperature differences aggravate the
coolling problem because, if the hot cylinders are to be
cooled satisfactorlily, the other cylinders rmust be over-
¢ooled. In some cases the pressure drop required to cool
the engine may be decreased as much as L0 percent by reducing
the tenmperatures of the hot cylinders to the average cylinder
temperaturs.

Tests have been made to determine the effectiveness of
several methods for reducing the temperatures of the hot
cylinders on alir-cooled alrcraft englnes. This investigation
includes: (1) directing cooling alr upon the rear of the
cylinders, (2) increasing the fuel-air ratio F/& of
separate cylinders by injecting additional fuel just ahead of
the intake ports, (3) increasing the cooling area of the
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cylinders by attaching s&dditional lengths of metal to the
exlisting, fina, and {§) mcdifying the cylinder baffles.
The tests were conducted with e Pratt & Hhitney R-1830-43
engine 1lnstalled 1n a wing nacelle.

APPARATUS AND TESTS

The P. & V. R-1830-43 englne is a ll~cylinder, two-
row, air-cooled alrcraft engine with a normal rating of
1100 horsepower and a nilitary ratling of 1200 horsepowcr.
The engine vias equipped with a Stromberyg PD-12F2-1);
Injection-type carburstor. The nacelle was mounted on
supports as shown in figure 1. A proveller-speed
fan and large-chord cowl flaps were used to supply coollng
alr for the englne.

In aédditlon to measursemants of the temperature of each
rear-spark-plug gasket and cylinder flange, measurements
woere made of the temperature at 16 othor poinls over the
head and barrel of one of the rear cylinders. Fuel-air
ratlios for individual cylinders were dotermined from
exhaust-gas snalyses, The average englne fuel-alr ratlo
was checked with measuréments of engine alr and fuel con-
suraptlion.

Tests were made with small ducts directling coollng
air upon the rear of cylinders 13 and 1ll,, which were

chosen because of thelr acceasibility. The 1lnlet of the



-l -

duct for.cylinder 15 was located In the Intercooler cooling-
alr duct with a scoop to utilize the available total ﬁressure'
gind the inlet of the duct for cylinder 1l wes located between
the c¢yllnder rocker boxes, as shown 1n figure 2. The duct
outlets were 1 inch from the cylinders and directed approxi-
mately the same amount of cooling alr on the rear of the
barrels and the heads. The duct outlets were 1 1inch wide
and were located approximately In the center ol the baffle
outlets. The baffle outlets on the P. & W. R-1830-)3 engine
vary from 3 to 5 Inches in wldth; the outlets on the rear
cylinders are somewhat wider than on the front cylinders.
Total- and statlc-prsssure tubes were used to measure the alr
flow through the ducts. In order to 1lnsure that the spark-
plug-gasket and cylinder~flange thermocouples would gilvse
rellisble indicatlons of the temperature reductlons at points
on the cylinder not being directly cooled by this alir, the
areas Immediately around the thermocouples were shlelded from
the coolling alr by small tebs extending from the duct outlets
to the cylinder walls (fig. 2).

Tests were made with separate enrichment of the mixture
to cylinders 1 and 10. The additional fuel was fed in a
continuous spray through the primer rittings, which are
located Just ahead of the cylinder intake ports. The amount
was manually adjusted with a neadle valve. A small rotameter

was used to measure the ariount of fuel injected.
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Three methods were used to attach additlonal cooling
area to the cylinders: welding, clipping, and bolting.

Extenslons were welded to the existing fins on the top of

the cylinder head (figs. 3 to £). The total added cooling

-area amounted to approximately 382 square inches. The
top baffle used with these extensions is shown in figure 6.
Fin extensions were also clipped to- the exlsting fins on
the top of the cylinder head as shown 1n flgures 7 to 9.
The added cooling area in this cass was sbout the same as
wlth the weldod extunslons. The ends of the cllpped
extonslons were rivoted to a mlate thut served as tho head
baffle. Tho ends of the flns wers scruped to obtain a
smooth surfaco and uniform thickness belfore the extunslons
warc lnstalled. Toets were made w th the Jolnt plaln
and with the counecting parts qoatad with a mixture of
aluminum powder and black lacquer In an attempt to improvo
thoe thermal bond. Tests were also made of coppsr fin
extenslons wodged and bolted to tho rear of thc cylinder
head as shown in figures 5 and 10. The added fin area was
about 268 square inches. For this test tho cylinder
baffles extended farther to the rear of the cylinder, as
shown in filgurcs 6 and 10.

Tests were made of the following types of baffle
modiflcation:
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(1) Enlergement of the baffle Inlets and extension of
the baffles farther around to tﬁe rear of the cylinders

(é) Addition of diffusers at the baffle outlets to
recover part ol the kinetlc energy of the cooling air and to
increase the pooling—air.flow

(3) Provision of ducts incorporated in the baflles to
carry unheated alr to the hottest parts of the head (fig. 11
shows one such baffle tested) .

In addltion, completely revisad baffles combining these
three modifications were Iinstalled on the rear cylinder of
the P. & Vi. R-1830-/|3 engine. These baffles are comparad
with the original vaffles in figures 12 to 1ll;. Additional
views of the revisad baffles are shnwn In figaire 15,

Ifost of the changes vere tested on only one or two
cylinders of the engire and were evaluated by comparing engine
temperature patterms cbtualned 'sith and without the changes.
In order to reduce the srior die to erratlc variations in the
temperature pattern, five to sight btests were mads of sach
modiflcation. These tests were made over a range of engine
power from low-cruising to norual.

RESULTS &Iy DLISCUSSION

The tewporeature data have been ceorrrncted l'or varlations

in atmospheric condltions and for smell varlautions in engine

operating cocnditions in order that the rssults obtained for
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the varilous modlfications may be compared directly with the
results obtalned for the cylinder or engine in its original
‘condition. . i , :

Coollinz-air ducts. - The effect of the coolling-air

duets is shown in figures 16 to 18. ‘The changes in the. - .
temperatures of tﬁg_rqar-spark-plug gasket and the cylinder
flange are ind;qﬁted In the figures by the symbol At. At
97 percent norpgl_power (fig. 16) with both ducts in place,
the alr flow through the duct to cylinder 13 was B6 pounds
per hour. This flow resulted in a reduction of 36° P in
the hoad temperature and of 29° ¥ in the barrel temperature.
The air flow through the ducts on cylinder 1l was 5 pounds
per hour, and the Lead and barrel temperatures were rsduced
about 7° I and 2°.F, respectively.

The temperature reductions at 58 percent and L8 percent
normal power (figs. 17 and 18) are somcwhat less than at
97 percent normal power, When the alr flow through the
duct to cyl;gder.lj was reduced to about three-fourths its
original quéptity,by_blocking off part of the inlet, the
temperature reductions were between one-half and two-thlrds
thelr originaliyalues. The higher alr flow through.the
duct to cylinder 13 Ls due po the total pressure bullt up in
the 1ntercoolep qgoling duct by the propeller operatlon.

Because the pressure drop across the engine was small
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(3 to 4 in., of water) during these tests, the flow through the
duct on cylinder 1l was low. 1In fliéht,'tB; pressure drop
across the engine 1s conslderably higher (8 to 15 in. of water)
and & duct similar to the one used on cylinder 1l might be
_conslderably more effective than indicateé'by'these tests.

The effect of the coollng ducts upon the tempsaratures
at the front of the cylinders was not determined because re-
ductions 1n these temperatures are consldered less important
than reductlions in the tgmperatures at thé rear of the ‘
cylinders. The temperatures at the front of the cylinders
are more than 100° F below the temperatufcs at the rear of the
cylinders and probably have comparatively little effect 1n
inducing preignition and detonatlion or in increaslng the rate
of wear of the engins.

Mixture-enriching tests. - Inasmuch as ﬁhe temperature
of the combustion gases 1n an englne cylinder decreases as
the mixture 1s enriched above a fuel-air ratio of 0.07,
cylinder-head temperatures may reédily'be reduced by increas-
ing the fuel-air ratio. IAs the specific fuel consumption
increases rapidly with increasing fuel-air ratio, however,
enrichlng the mixture of the entire engine to Iimprove
cylinder cooling is generally undesirable except for short-
perlod operation. A few cyllinders may bs cooled in this
manner with a relatively small increase in engine fuel con-

sumption.
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The results of the injectlon of additional gasoline
into. the cylinder primer fittings are shown in figures
19 to 22. - On the cylinders with -the enriched mixtures,
the head temperatures were reduced 1L° F to L4}i° F with
little change in barrel temperatures. In each test,
fuel-flow and exhaust-ges measurements showed that all
the fuel Injected did not pass through the c¢ylinder for
which 1t was Ilntended. - Because of the pulsating and
turbylent flow in the intake pipes, some of the fuel was
evidently carried back into the blower soctlon. Zxhaugt-
gas analysls showed a slight general enrichling of the mix-
tures throughout the entire englne and only from 50 to
80 percent ol the adrnitted fuel was accounted for in the
exhaust of' ths cyllnder for which the fuel was lntended.

In practice, if the fuel were injected In a continuous
spray, as in the precsent tests, it would probably be
edvisable to compensate for the resulting general enrichment
by decreasing the amount of fuel dellvered by the carbu-
retor. If the carburetor were so adJusted, the head
temperatures of three cylinders on a P. & W. R-1830-43
engine could be reduced an average of 20° F at cruising
Lowers (% = 0.068) with an 1lncrease in specific fusl con-
sumptlon of about 3 percent. Without an adjustment, the

fuel consumption would be lncreessed approximately 5 percent.
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Injecting édditiongl gasoline ahead of the lntake ports
of hot cylinders would be particularly useful when the ten-
perature differences exlstlng between cylinders are prlaarily
due to poor mixture distribution. For this case, the d4dif-
ferences in cylinder power output as well as the differences
in temperature would be reduced.

Additional cooling ares. -~ Table I glves a comparison of

cylinder temperetures obtained with the original cylinder and
with the cylinder with the tﬁree types of fin extenslon.
Results are shown for two rower conditlons: 65 percent normal
power and 100 percent normal power.,

The welded fin extensions (figs. 3 to 6) reduced the
temperature of the rear-spark-plug gusket about 29° F at
65 percent normal power and about 22° F at 100 perzent normal
power; whereas the clipned-on extensions (flgs. 7 to 9)
reduced the head temperature only 10° ¥ and 6° F for the two
power conditlons. Inasmuch &8 the increase In f'in area was
the same 1in each.case, the smaller temperature reductlon with
the clipped-on extensions rmust be due to a poor thermal bond
between the original fin and the clipped-on extensions. The
edditlon of a mixture of alumlnum powder and black lacqusr
between the connecting parts of the flns and the extenslons
showed no improvement in the thermal conductance,

The addltlon of copper fins bolted and wedged to the

rear of the cylinder head gave no substantial reduction in
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temperatures. The ineffectivenees of these fins nay be’

attributed tb'the higher‘temperature of' the cooling alr at
the rear of the cylinder, a poor thermal bond at the bolted .
snd wedged jolnt, and higher resistance to the cooling alr

resulting in reduced alr flow.

~Baffle modifications. -'Temperature data obtained from
the tests of' the various baffle modifications are gliven in
_ table II, Important temperature reductions were obtained
with several of' the configurations tested. Reductions of
340 F in the temperature of the rear- spark-plug gasket at
65 percent nornal power and of 25° F at 100 parcent normal
power were obtained by enlarging the beffle-inlet gap to
.5/8 inch, extending the baffle farther to the rear of the
cylinder, and providing a radius of curvature of 1/2 inch’
et the outlet (condition 5 in table II). As shown Tor
condition 7, temperature reductions of 19° ¥ and 15° F
were obtained at 65 percent and 100 percont normal power;
respectively, by oontinuing the baffle farther to the rear
of the cylinder and adding a short diffuser.

Reductions in temperature of 9° F and 12° F at 65
percsnt and iOO percent normal power, respeotively,_were
obtalned with a top head baffle naving a separate duct
carrying coollng air to the rear of the fins (condition-9).
The inlet to this duct is shown in figures 12 to 15, . As
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shown in figures 12 and 13, fingers projected from the baffle
into the fin passages at the top of the head to divert the
heated alr that flowed over the front fins out of the rear
fin_pgssages. A slde baffle incorporating.-a simllar duct
(fig. 11) gave termperature reductions of 20° F at 65 percent
normal power and 18° F at 100 percent_normal_power

(condition 10). With both these new baffles on the cylinder,
temperature reductions of 31° F and 35° F were pbtained
(condition 11).

The completely revised baffles (figs. 12 to 15) combining
man& of the separate modificatlions tested, when installed on
single cyllnders of the englne, gave temperature reductions
of aboﬁt 50° F (condition 12). Tests with the revised
baffles Installed on all cyllinders are reported.in reference l.

As first tested, the temperature of the exhaust-valve
gulde was somewhat hlgher wlth the revised baffles than with
the orlginal baffles although the temperatures at all other
hot points on the cylinder were. reduced (reference 1), This
increase 1n the temperature of the exhaust-valve gulde was
found to be due to a restriction at the baffle outlet on the
exhausp side of the cylinder below the rocker box, as indicated
by the arrow labeled "Restricted outlet" in figﬁre 15(b).

The temperatures at varlous polnts around cylinder 1 with the

restriction removed are shown 1n figures 23 and 2., It will
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be noted that substantial reductions have been obtained in .|
tbg_tgmpepatugqg_ét the hotter Ra?ts of the cylinder. The
tamﬁérature at nearly every point measured over the com-
busfion chémber has been reduced. The single eiception_
was'a comparatlvely cool polnt located toward the front of
the qylinder. The temperatures at several pq;ntp on the
froﬁt and si&es of the cylinder head were lncreased sligptly.
| The temperatures of tﬁe rear center of the barrel and
cylinder flange were reduced 10° F to 15° F whereas the
temperature of the-front of the barrel was increased about
150 F, Inasmuch as the temperatures at the front of the
cylinder are so much lower than the temperatures at the
rear of the cylinder, thé increases in fhe temperatures on
the front are not considered particularly undésirable.
Further reductions iﬁ exhaust-valve-gulde temperature
of about 5° F were obtained by increoasing the gap between
the fins and baffles, where the fins are short, to eliminate
the restriction at that point énd by cutting a hole in the
side of thé baffle to provide an outlet for the cooling
alr paésing between the fins at the front of the rocker box.
A sketch of these modifications 1s given In flgure 25..

épplicatiop. ~- It will be noted by reference to the

temperature patterns shown in figures 16 to 22 that, by
cooling the heads of cylinders 1, 3, and 13, the maximum



‘_.1}_'_.-

head temperature of the engline could be greatly reduced at’
both normal and crulsing powers. Similarly; on most other
air-coocled engines considerable improvements 1n coollng may
be obtained by reducing the temperatures of a few hot cylin-
ders. On certaln large engines, however, the hizhest temper-
atures on the engine do not remain fixed but vary. frem.
cylinder to cylinder with changes in power output. In such .
cases, Improvements 1n englne performance can be achieved by
increasing the cooling of those cyllnders that-are the hot
cylinders at the critical cooling condltlons - namely, normel
rated power or maximum crulsing power.

COIICLUSIONS

In tests with a P. & W. R-1830-43.-air-cooled engine to
determine the effectiveness of several methods for reducing
the temperatures of the hot cylinders, the following results
were obtalned:

l. Thecyllinder-head and barrel teriperatures were reduced
30° F to 35° F by the Installation of individual air dicts
directing cooling air upon the rear of the cylinder. Thils
method can be used sdvantageously to cool hot cylinders.

2. Additional fuel may be supplied to a few hot
cylinders to reduce their head temperatures with comparatively
small increases 1n engine fuel consumption. The enriching
may be accomplished by admitting additional fuel ashead of the

intake ports. .
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3. Extenslons welded to the fins on the head of a
cylindeér rediiced the temperature .at the rear-spark-plug
gasket 26° F. |, Clibping the extensions to the fins was less
effective, as tﬂis method reduced the head temperature only
8° m.

li. Baffle modlfications - which included enlarging the
Inlet gaps, extending the baffles farther to the rear of the
cylinder, adding a diffuser at the baffle outlet, And pr;-
vliding separate ducts to the hot parts of the cylinder -
resulted in head-temperature reductions of as much as

50° F,

Langiey Memorlal Aeronautlical Laboratory,
Hational Advisory Committes for Aeronautilcs,
Lengley Field, Va., July 19, 19);3.
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TABLE I
EFFRCT OF DIFFERENT FIN EXTENSIONS

ON CYLINDER-HEAD TEMPERATURES

65 percent 100 percent
normal power normal power
e pogp— |
Condltlon Tempera~ |Tenpera- Tempera-| Tempera-~
ture ture drop ture ture drop
(°F) (°F) (°F) (°F)
Original 428 - 4126 -
Fins welded on top of
cylinder head (figs.
3 to 5) 399 29 Lol 22
IMins clipped on top of]
cylinder head (plain
joint, figs. 7 to 9) 418 10 L,20 6
Fins bolted on back of]
cylinder heed (figs.
5, 6, and 10 525 3 L2l 2

b o
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TABLE Z.- £FFECT OF BAFFLE MODIFICAT/ONS ON

CYLINDER - HEAD TEMPERLATURES.

.

Corros#r0»2

65 pervenrt
orace/ OOWEr

rorza/ power

Jemperr /emnpera; 7empera:

reore
(deg /~)

i‘weoiqa
(Oleg fF)

/00 perre;»:l

sTare
(degF)

Orsginal baff/e ; aaf/ef

gap, 3 ; mlet gap, 3 ;
owllet wirdth, S

45/

/0

Baff?eso,oe»ed o ; outlet
gap. js ; /et gap, § F
barfle extended farthHer
Yo rear,; rno ocr/et rad-

”\ s, outlet width., 2"

746

Baffle o,oenea' wp ; outlet
gap,i& s mlet gap, £
O 7e exrended rarrHer
ro rear ; »o owr/fer rwo-
rees; owtlet width, 2

434

/7

I95

el

Ba/f/e qperned «o ; oa)‘/ei‘
oap, js i wnlet gap, §
Sart/e exrernded fbr;‘ﬁer
;‘q rear; owr/er reaseus,
2 outet width, 2.

/9

32

384

<6

5aff/e o,oenea’ o ; ourtrer
9apo, 5 /et 9ap, g

DS/ e exrernded rarrrbher
Yo rear ; owl/er reaius,

3 outlet wrath, 2£.

9

/7

I

3&5

25

Barf/e o,oe»eo’ 775 oa//@f
oap.5 ; /nlfet gap, e s
barf/e exrernded rarrHrer
Yo rear; owulfet raosus,
37 outtetr width, 227

)

79




TABLE T - CONVTINUVED

Conartson

rorna/

65 percen’

poower

/00 percent
»orna/ oower

sure
(oeg )

7empere -
Yere ago
(oeg fF)

Orrina/ baff/e wih ourfer
obffuser; oul/e’ 9o, 3 ;
mfet gap, B owrfel whih,
22, outlet radius, /7 ;
o ffuser /eng/h, 3.

®

AI2

/9

/5

Orrgaa/ barfle wirh ocwr/er
adiffuser; owlfe’ oapo , 3°;
miet gap, 27 ouet wioih,
23 ; oulet radtus, /§°;
v ffuser /Jfexgrh, 1°

>

8

439

o

403

Orrorrce/ Sroe barr/e ; seoa-
(See figs. rmre oucrt m fop bare
12, /3 amd//5.) orreciing cootrg asr Sfo

442

I

‘2

Separare decHt or extHaeccst
Ssoe of Cy/irnder-sfeed S/oe
barr/e. [r)/ake s/de same
as oxvgral/ S/oe be)/I7e

fHead.
2 Orvgrra/ 750 Lr/He.

ee f1g /1)

rear sSia oFf Cylrroer
9
( ))
Fsee 7

43/

L0

I

/&5

Seoarare owcH ol exhaus)
S/ OF Cylroer-fread Soe
dafie. Ir/ake s/t same as
orvgrra/ S/oe barfe. Sepa -
e owcr /rn Yoo Harfe.

N\
(See frg. /L)

420

3/

375

/

fTnal revssed barfffe; owrser
gao. O m/et 9qo, F ; oullet
woth, F ; owlle) radtus, $ 5

orftuser lenoth, 2F. Separare

42 oucHt 17 roo belffe.

do<2

9

I




Figure 1.- View of engine nacelle as set up for the tests.



(a) Three-quarter front view. (b) Three-quarter rear view.

Figure 2.- Cooling-air duct installed on cylinder 14,
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Figure 4.-

— WELDED_ FIN EXTENSIONS
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View of cylinder 1 showing welded fin extensions.




Welded fin extensions

Bolted fin extensionsg
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Figure 5.- View of cylinder 1 showing welded and bolted fin extensions.




Figure 6.- View of cylinder 1 showing fin extensions and baffles.
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Clipped fin extensions:
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Figure 8.- View of cylinder 13 showing clipped fin extensions.
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Figure 9,- Clipped fin extensions as installed on cylinder 13.
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Figure 11.- Views of rear-cylinder side baffle with a separate cooling-air duct.



(a) Original baffle.

Figure 12.- Comparison of original and revised baffles. Front view.
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(b) Revised baffle.

Figure 12.- Concluded.
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Figure 13.-

(a) Original baﬁle.

Comparison of original and revised

paffles.

‘Rear view.
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(b) Revised baffle.

Figure 13.- Concluded.
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(a) Three~quarter front view.

Figure 15.- Revised baffles installed on rear cylinder of
P. & W. R-1830-43 engine.
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(b) Three-quarter rear view.

Figure 15.- Concluded
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. Tnperatue
. °F

Orignal baffle - "357 394
Revised boffle - 348 396

INCHES 32551

(a) Front view.

Figure 23.- Temperature on cylinder 1 with original and revised
baffles. Engine speed, 2250 rpm; manifold pressure, 28.0 inches
of mercury; engine fuel-air ratio, 0.072; average cooling pressure
drop oAp, 3.41 inches of water.
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(b) Rear view.

Figure 23.- Concluded.




(a) Front view.

Figure 24.- Temperature on cylinder 1 with original and revised
baffles. Engine speed, 25650 rpm; manifold pressure, 39.5 inches
of mercury; engine fuel-air ratio, 0.105; average cooling pressure
drop . oAp, 4.51 inches of water.
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(b) Rear view.

Figure 24.- Concluded.
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{b} Modification of revised baffles to

Small outlet cut in revised baffles
increase cooling-air flow around

ia)

to allow cooling air to pass between

the topmeost fins on front of rocker side of rocker box by increasing

box. gap between the fins and baffle
where fins are short.

Figure 25.- Modifications to revised baffles to reduce the temperature of the exhaust-
NATIONAL ADVISORY COMMITTEE FOR AERONALUTICS

valve guide.
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